In this study, the indoor environmental quality (IEQ) in air conditioned residential buildings in a dry desert climate is examined from the perspective of occupants via two aspects: thermal comfort and indoor air quality. The study presents statistical data about the domestic-occupant thermal comfort sensations together with data describing the indoor air quality in Kuwaiti residential buildings. With respect to the latter, the overall IEQ acceptance using two measurements namely: physical measurements and subjective information collected via questionnaires, was used to evaluate 111 occupants living in twenty five air-conditioned residential buildings in the state of Kuwait. The operative temperature based on Actual Mean Vote (AMV) and Predicted Mean Vote (PMV) was identified using linear regression analysis of responses on the ASHRAE seven-point thermal sensation scale and was found to be 25.2˚C and 23.3˚C, respectively, in the summer season. Indoor air quality (IAQ) with respect to carbon dioxide concentration level was compared with the acceptable limits of international standards, i.e. ASHRAE Standard 62.1
Introduction
The achievement of a high quality indoor environment, whilst minimizing energy consumption in buildings is a key aim in most countries and is a particular challenge in a desert climate. People in different climates feel comfortable at different indoor air temperatures. Such temperatures can differ considerably from the values adopted by national energy codes, which in turn can impact upon space energy consumption in buildings with air conditioning systems, such as Kuwaiti residential buildings. Kuwait, as in most countries with an extreme dry-desert climate, has a long summer season with a mean daily maximum temperature of 46˚C [2] . Centralized air-conditioning, which is generally deployed from the beginning of April to the end of October, accounts for around 75% of national electrical power consumption. Increasing the thermostat temperature setting in the summer season can potentially save significant electrical energy, which would, in turn, decrease energy expenditure, fossil fuel usage for generating electricity and consequently carbon dioxide emissions.
The indoor air temperature (or thermostat temperature) settings for all types of air-conditioned buildings and residential buildings in particular, are often calculated based on the analytical model developed by ISO 7730 [3] . This model, where comfort sensation is predicted via the Predicted Mean Vote (PMV), has been used, as the standard approach for thermal comfort evaluation. In addition, thermal comfort and IAQ studies have been carried out through AHSRAE standards [4] [5] to define comfort and prescribe ventilation procedures to provide acceptable indoor air quality. Sustainability for ASHRAE [5] means energy efficiency and healthy, productive indoor environments.
A large number of thermal comfort and indoor air quality (IAQ) studies have been conducted in buildings in all types of climates, most of which were carried out in tropical, subtropical and temperate climate zones [6] [7] , while other studies were performed in cold climate zones [8] [9] . However, investigation of indoor thermal comfort and IAQ in buildings for countries located in dry desert climates is limited, although some studies can be mentioned for thermal comfort studies, as in [1] and [10] . Their results indicated that the Actual Mean Vote (AMV) of the occupants in air-conditioned buildings is greater than that of PMV. This may indicate that the ISO 7730 standard [3] for calculating PMV underestimates the individual's actual thermal sensation in a dry desert climate.
However, most buildings in a desert climate like that of the state of Kuwait, where people spend most of their time (80% -90%), are tightly enclosed spaces avoiding outdoor conditions. Such a situation, with poorly ventilated and tight buildings, increases the problems dealing with indoor air quality (IAQ), which thus, can have significant health effects as well as dissatisfaction on the occupants' thermal comfort sensation. In the study reported here, however, field experiments were conducted in twenty-five air-conditioned residential buildings, using survey questionnaires and physical measurements to collect data during the summers of 2014 and 2015.
The main objective of this paper is to investigate the indoor environmental quality (IEQ) in air conditioned residential buildings in a dry desert climate, F. F. Al-Ajmi Journal of Power and Energy Engineering which will be examined from the perspective of an occupant's acceptance in two aspects: thermal comfort and indoor air quality. This will provide significant information that can assist future policy aimed at enhancing IEQ and energy conservation, which may contribute to reducing carbon emissions.
Thermal Environment

Indoor Thermal Comfort Assessments
Twenty-five residential buildings were selected evenly over the five provinces of Kuwait (i.e. Capital, Hawalli, Aljahra, Alahamidi and Mobarak Alkabeir). The sizes of the selected buildings ranged from one to three floors with a plot area of 400 m 2 . Whilst it was impossible to cover all residential building types in Kuwait in this study, those buildings selected were considered from the perspective of the following specific criteria:
• Typical type, size and construction materials.
• Selected buildings are not older than 10 years and distributed evenly amongst the five provinces of Kuwait.
• Centralized air-conditioning with similar cooling size.
• Openings, i.e. windows, doors, etc., are closed completely in selected surveyed building during filed experiments.
• Buildings were selected based on the location schemes shown in Figure 1 .
In this way, a reasonable sample of housing types from the Kuwaiti residential building stock is covered by this investigation.
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Subjective Measurements
The subjective study involved collecting data using questionnaires which were given to each subject to complete simultaneously with collection of the physical measurements in each residential building. The subjective questionnaires and a description of the experimental work procedure had been translated carefully into the Arabic language in order that the occupants could follow and understand. The questionnaire addressed the following areas: 1) background and personal information; 2) current clothing garments; 3) subjective thermal sensation The subjects were required to make only one choice from the scale for each question.
Physical Measurements
In addition to the subjective data collection, physical measurements were carried out in the 25 air-conditioned residential buildings using a Bruel & Kjaer Indoor Climate Analyser Type 1212. The physical measurements included transducers to measure dry bulb and wet bulb air temperatures, relative humidity, air velocity, and operative temperature. The transducers and data logging system were fitted into a trolley arrangement to collect indoor climatic data at a height of 1.1 m above the floor, as specified by ISO 7730 (2005) [6] for a seated person. This was performed while respondents completed the questionnaires. A period of fifteen minutes was taken prior to the measurements survey to explain and demonstrate the procedure of the field experiments to the subjects in each building. This contributed to allowing the subjects to achieve a steady state thermal balance with their surroundings. The data collection period lasted for 75 minutes in each building. During this period, occupants were asked to sit in the living room, and were limited to light activity movement, such as body parts movements of hands, feet, neck etc. The metabolic rate value used in this study was estimated to be 1.2 met as recommended by ISO-7730 [3] for sedentary activity. Five sets of measurements were taken each at 15-minute intervals.
Clothing Description
Indoor Kuwaiti clothing ensembles are different from those of outdoor ensembles in terms of their appearance, thickness and colours. A checklist of Kuwaiti male and female garments shown as photographs and descriptive schemes of ensembles was provided to the occupants at the time of completing the ques-Journal of Power and Energy Engineering tionnaire survey. A full description of male and female clothing ensembles and clothing insulation values were published in [11] and [12] , and were coded in ISO 9920 [13] . However, the overall average clothing insulation values used in this study were estimated to be between 0.65 -1.3 clo, with a mean value of 0.9 clo, Table 1 . Table 1 
Indoor Thermal Conditions
Indoor Air Quality
Despite the fact, indoor air quality is not considered directly as a thermal comfort parameter, it is greatly related issue. For instance, odour, airborne dust, suspended particles as well as low or high relative humidity in the space can be a source of discomfort. In addition, high relative humidity more than 70% may endorse moulds and fungi; on the other hand, relative humidity level less than 30% can be a cause of dryness of air inside the indoor environments. However, buildings in state of Kuwait, where people spend most of their time (80% -90%), are tightly enclosed spaces avoiding outdoor conditions. Such a situation, with poorly ventilated and tight buildings, increases the problems dealing with Indoor Air Quality (IAQ), which thus, can have significant health impact as well as dissatisfaction on the occupants thermal comfort sensation. In addition, poor indoor air quality has major concern in recent years, particularly due to increase of number of reports of Sick Building Syndrome (SBS), which is associated with some symptoms such as: itchy eyes, skin irritation, etc. Also Odor is an indicator of poor indoor air quality and is often associated with level of carbon dioxide (CO 2 ) [1] [3] . However, in order to gain a closer insight into IAQ and thermal comfort for the indoor environment of each house, three steps were developed for the purposes of these measures [5] , which are, as follows: Step 1: Walkthrough step.
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Step 2: On-site data collections.
Step 3: Data analysis and evaluation.
The thermal environment and comfort survey was carried out in 25 residential buildings across the five provinces of Kuwait. A total of 111 subjects providing 111 sets of physical measurements, and questionnaires were used to collect subjective data. The subjects consisted of 58 (52%) males and 53 (48%) females.
The age of the inhabitants ranged from 12 to 65 years, with a mean age of 32.1 years. Their mean height was 159.6 cm and their mean weight was 68.7 kg, Table   1 . The fieldwork was carried out in the State of Kuwait during the summer season using the following survey procedures. Note that, due to cultural requirements, it was necessary that the survey be conducted by a female experimenter.
Walkthrough (Step 1)
The first and most critical step of IAQ investigation for preparing of data analysis and evaluation (step 3) of a building is walkthrough inspections. This method can help to clarify the most critical areas of the house design and may help to develop detailed on-site data collections (step 2). 
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On-Site Data Collections (Step 2)
Measurements of CO 2 concentrations level were carried out at different locations in the occupied zone within each house during occupant's thermal comfort sensation measures. Three sampling points were selected in the occupied space with point 4 in an outdoor location. These measurements were performed as the respondents completing the thermal comfort questionnaires and during the data collection period. In addition to carbon dioxide concentration CO 2 measurements, air temperature, relative humidity and air velocity were measured at 5 min intervals which lasted for approximately 75 min for each house.
Data Analysis and Assessment
The Table 1, Table 2 and Table 3 .
In this section, measurements of CO 2 Concentration levels can be considered as an indicator of fresh air required in the space in terms of ventilation rate [5] . Table 4 gives for each house; mean concentrations of (CO 2 ), minimum, maximum, and standard deviation. The (CO 2 ) monitoring shows that concentrations vary from house to house and may be changed according to A/C type used, air tightness of enclosed space, window operation etc, and building location. The
Concentration levels of (CO 2 ) were measured using a GE Telaire 7001 Taken as a whole, the mean concentration levels of CO 2 in the buildings located in zone D is 42.6% higher than that in the buildings of zone A. As may be seen from Figure 1 , the buildings located in zone A are detached building, which are location is open toward the street from three sides, promoting in leakage and dilution of outdoor air when windows are open. However, buildings located in zone D are attached to other buildings from three sides and open to the street from only one side, which may cause them to be affected less with outdoor fresh air. However, the mean CO 2 concentration level values of all surveyed buildings show that house no. 16 exhibits the highest value equal to 994 ppm, while that for house no. 6 exhibits the lowest value equal to 706 ppm. Thus, air-conditioned residential buildings in Kuwait during summer season are in spite of that, within the criteria limits of 1000 ppm, Table 4 . However, air-conditioned residential buildings located as zone of D exhibit higher CO 2 concentration levels, which may require an engineer/architect to consider increasing the ventilation rate through window operation or may be using mechanical ventilation.
Conclusions
The main objective of this study was to investigate the indoor environmental quality (IEQ) in air conditioned residential buildings in a dry desert climate in Table 3 . Thermal acceptability of all subjects living in the residential buildings. • Air-conditioned residential buildings located in zone D exhibit higher CO 2 concentration levels, which may require an engineer/architect to consider increasing the ventilation rate through window operation or may be using mechanical ventilation.
• Across all residential buildings, the mean indoor dry-bulb air temperature was found to be 22.7˚C with standard deviation of 0.8 and mean relative humidity of 43.5% with standard deviation of 1.97 and a mean air movement of 0.13 ms −1 , with standard deviation of 0.03.
• The neutral operative temperature for occupants was found to be 25.2˚C.
This was obtained by linear regression analysis of actual mean vote on operative temperature.
